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발표자
프레젠테이션 노트
토양 수분은 물 및 에너지 수지를 구성하는 주요 변수의 하나로 강수, 온도, 증발산 등과 함께 가뭄 평가 및 감시에 핵심적인 역할을 한다. 식물의 뿌리 구역의 토양 수분(root-zone soil moisture)은 식생의 건강 및 성장에 큰 영향을 미치므로 농작물 및 식생에 영향을 미치는 농업적 가뭄(agricultural drought)과 특히 관련이 깊다.



Hydrological Drought

® “Hydrological droughts are
concerned with the effects of periods
of precipitation shortfall on surface
or subsurface water supply” (ams)

® Improved irrigation systems
s Dams, reservoirs, etc. =

® Still occurs severe &
extreme drought R
= e.g. 2008~2009, 2012 drought in South Korea




Ungauged Basins

Limited measurements of
meteorological and hydrological
variables

Estimation based on water balance
using

= Statistical methods

= Hydrological / land surface models

= Remote sensing




Uncertainty

“Whether more reliable estimation ...
can be obtained from physically-
based methods ... with uncertain
data guality, or more empirical
methods ... with more reliable input
data” (Kingston et al., 2009)




Research Question

Can the...

= Remote sensing-based precipitation and

evapotranspiration estimates be used for assessing
hydrological drought?

Purpose of study

= To verify the use of remote sensing-based
precipitation and evapotranspiration estimates for

assessing hydrological drought in regions with
limited observation data
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Remote sensing data

= MODIS Land Surface Temperature (MYD11A2)
= MODIS Atmospheric Profile (MYDO7_L2)

= TRMM 3B43 monthly rainfall

= MODIS Land Cover Type (MCD12Q1)

= GTOPO30 DEM

INn-situ data

= ASOS weather station hourly temperature data
= Streamflow discharge

= Calculated PET based on Penman-Monteith



발표자
프레젠테이션 노트
ASOS (Automatic Synoptic Observation System)


Methodology: Estimating Air Temperature

Gridded dataset with maximum and
minimum temperature

= NCEP/NCAR - 2.5°x2.5° (daily)

= CRU TS3.20 - 0.5°x0.5° (monthly)

Existing studies

= NDVI, Elevation, SZA(solar zenith angle), land
surface temperature, latitude, longitude, etc.

Temperature from LST and AP
m LST

= AP —linear interpolation/extrapolation for 2-m height
(620hPa~1000hPa)



발표자
프레젠테이션 노트
Existing studies
Lin et al. (2012)은 고도 자료만을 이용 아프리카 지역에 대해 최고 및 최저 대기 온도를 MAE(Mean Absolute Error) = 1.9°C
Stisen et al. (2007)은 MSG(Meteosat Second Generation)에 탑재된 SEVIRI(Spinning Enhanced Visible and InfraRed Imager) 센서를 이용하여 서아프리카에서 RMSE(Root Mean Squared Error) = 2.55°C
Jang et al. (2004)은 AVHRR(Advanced Very HIgh REsolution Radiometer) 자료, 고도, 태양천정각 등의 입력 변수를 Neural Network 방식을 통해 RMSE = 1.79°C
Prihodko and Goward (1997)는 식생지수와 지표면 온도와 대기 온도의 상관성을 이용하여 RMSE = 2.92°C
Yan et al. (2009)은 지표면 온도, 위도, 경도, 고도를 이용하여 RMSE = 3.23°C의 정확도로 대기 온도를 추정


Methodology: Estimating Air Temperature

Diurnal temperature change model
Correction using CRU TS3.20

; e G—tppm) ) Tox |=7""—"7—=—mmmmmmm :
T=Tpe~ Towkinlo = 7| T Tan fomn 285t C
\ M ATTLGE LI T 7 1 |
' |
I
b I : 1
= i 1 [
e U rmgr T Tomin 24" g : I :
T=—| I—ﬂ'i _I:r_i.n |3i'1 Ir 2 ‘ II II&'—L_I:FLI] | g_ I. : 1
I 2 L Ermin ~ Trmae T 24 \ 2 = | : :
| 1 1
0<t= fi"ﬂ::’r : I :
| II 1
g Utmez ™ Uomin 24 | : 1 1
T=—| T |ﬁ- ' 2 ( Tmex T Toin | | : :
R 2 S U T \ 2 ! |
Tmin oz 4 J | } | 3
min /-,— T T 1 I
t= it . Solar typa. Sunset
s timn  Sunrise N
frmin = frvie — 1 gon Local time
trne = trmoon T2 The proposed diurnal temperature change model

using two sinusoidal functions for ascending (thin-line)
and descending (thick-line) air temperature.




Methodology: Estimating Evapotranspiration

® Assumptions
= Soil moisture stress
= Land cover and vegetation phenology

® Methods
- 0.408 A (R, —G) + Y —20
= Penman-Monteith ET, - T+273
A +7(1+0.34u,)
= Hargreaves

uy (eg —e,)

ET, reference evapotranspiration [mm day-1].
R, net radiation at the crop surface [MJT m2 day-1].

— 2 . 303 G soil heat flux density [MJ m2 day-1].

ETo = 0.0023 (Tmean +17.8) (Tmax min) "~ Ra T air temperature at 2 m height [°C],
Uy wind speed at 2 m height [ms-1].
€g saturation vapour pressure [kPa].
e, actual vapour pressure [kPa].
e.-e, saturation vapour pressure deficit [kPa].
A slope vapour pressure curve [kPa °C-1].
Y psychrometric constant [kPa °C-1].

(Allen et al. 1998)




Methodology: Correlation Analysis with Streamflow

Precipitation PET
for each grid for each grid

Area-weighted

—>» average for each €&—
basin

!

1, 3, 6, 12-month
P-PET percentile
for each basin

Correlation
> Coefficients <€




Results: Estimating Air Temperature

Coefficient of determination (R?)

Station-averaged coefficient of determination (R?) values (unitless).

Variable Season Corrected Uncorrected

AP |AP shiftl LST AP |AP shiftl LST

ALL 095 | 095 | 094 | 095 | 0.95 | 0.94

o MAM 089 | 088 | 094 | 0.89 | 0.88 | 0.94

aximum JIA 042 | 044 | 013 | 0.42 | 0.44 | 0.13
Temperature

SON 092 | 092 | 096 | 092 | 092 | 0.96

DJF 062 | 058 | 0.71 | 062 | 058 | 0.71

ALL 094 | 094 | 097 | 094 | 094 | 0.97

i MAM 088 | 088 | 096 | 0.88 | 0.88 | 0.96

'nimum JIA 077 | 076 | 0.75 | 0.77 | 0.76 | 0.75
Temperature

SON 092 | 091 | 095 | 092 | 091 | 0.95

DJF 034 | 029 | 048 | 034 | 0.29 | 0.48



발표자
프레젠테이션 노트
여름철 제외하고는 LST의 R2 높음
중요한 봄, 가을은 높음
여름, 겨울은 낮음


Results: Estimating Air Temperature

MAE (Mean Absolute Error)

Station-averaged MAE values (unit: °C/month).

Variable Season Corrected Uncorrected

AP |AP shift| LST AP |AP shiftl LST

ALL 214 | 213 | 225 | 3.61 | 3.63 | 2.92

_ MAM 204 | 205 | 1.85 | 472 | 464 | 458

Maximum JIA 181 | 1.80 | 1.94 | 314 | 3.15 | 3.38
Temperature

SON 192 | 192 | 1.73 | 385 | 3.82 | 1.94

DJF 192 | 190 | 186 | 2.76 | 2.74 | 1.88

ALL 233 | 238 | 195 | 234 | 2.17 | 1.44

B MAM 101 | 1.92 | 164 | 1.44 | 1.47 | 1.18

Minimum JIA 146 | 1.47 | 1.47 | 2.10 | 2.03 | 1.48
Temperature

SON 210 | 2.15 | 1.89 | 2.26 | 1.98 | 1.27

DJF 219 | 222 | 217 | 3.94 | 355 | 1.89



발표자
프레젠테이션 노트
여름철 온도를 제외하고는 LST가 error 작거나 비슷



Results: Estimating Air Temperature

RMSE (Root Mean Squared Error)

Station-averaged RMSE values (unit: °C/month).

Variable Season Corrected Uncorrected

AP |AP shiftl LST AP |AP shiftl LST

ALL 259 | 258 | 272 | 405 | 4.06 | 3.51

o MAM 238 | 2.40 | 213 | 5.02 | 495 | 4.79

aximum JIA 207 | 206 | 228 | 3.61 | 3.62 | 3.90
Temperature

SON 224 | 225 | 198 | 4.16 | 4.13 | 2.24

DJF 222 | 219 | 211 | 3.08 | 3.07 | 2.22

ALL 281 | 289 | 236 | 2901 | 2.75 | 1.87

i MAM 225 | 226 | 187 | 1.82 | 1.83 | 1.42

'nimum JIA 171 | 172 | 172 | 251 | 2.44 | 1.81
Temperature

SON 249 | 256 | 222 | 263 | 2.40 | 1.58

DJF 251 | 255 | 247 | 435 | 403 | 2.36




Results: Effect of Shift, Correction Using CRU

Time-averaged MAE between AP_Shift, ASOS

1 2 3
Time-averaged MAE betwen AP, ASOS

Scatter-plot comparing time-
averaged MAE values for minimum
air temperature during all season
(unit: °C/month): each point
represent ASOS weather station.

- Uncorrected, minimum
temperature, JJA, SON, DJF
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Time-averaged MAE between CRU, ASOS

Scatter-plot comparing time-averaged
MAE values for maximum air
temperature during JJA: each point
represent ASOS weather station.

- New source of error
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Results: Estimating Evapotranspiration

® Coefficient of determination (R2),
MAE, RMSE

Season

R? (unitless)

MAE (mm/month)

RMSE (mm/month)

ALL 0.90 16.81 21.93
MAM 0.89 (r = 0.94) 25.66 28.20
JIA 0.06 (r = 0.24) 24.76 29.10
SON 0.83 (r = 0.91) 11.12 13.58
DJF 0.57 (r = 0.75) 6.44 7.54




Results: Correlation with Streamflow in

Watershed Basin

Variable T('mgnstﬁil)e Season Sample Size | Pearson‘ r (p-value) | Kendall's tau (p-value)
P-PET 1 JJIA 32 0.88 (<.0001) 0.69 (<.0001)
P-PET 3 MAM 9 0.67 (0.05) 0.39 (0.14)
P-PET 3 JIA 10 0.7 (0.03) 0.51 (0.04)
P-PET 3 SON 11 0.69 (0.02) 0.49 (0.04)
P 1 JJIA 32 0.89 (<.0001) 0.7 (<.0001)
P 3 JJIA 10 0.7 (0.03) 0.51 (0.04)
P 3 SON 11 0.62 (0.04) 0.45 (0.05)
PET 3 SON 11 -0.78 (0.005) -0.49 (0.04)
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발표자
프레젠테이션 노트
5월: 2008년 가뭄 시작 상황 P-PET 에서
       2009년 심화된 가뭄 상태 특히 유량에서 잘 나타남
       2012년 시작단계라서 잘 나타나지 않으나 볼 수 있음

11월: 2008~2009년 가뭄 상태 잘 나타남
         2009년 P-PET는 약간 회복되어 보이나 유량은 최저를 기록, 실제 가뭄의 여파가 이어짐



Results: Correlation with Streamflow in

Watershed Basin

. Time Scale . ‘ .
Variable (months) Season Sample Size | Pearson‘ r (p-value) | Kendall's tau (p-value)
P-PET 1 JIA 16 0.87 (<.0001) 0.65 (0.0004)
P 1 JIA 16 0.85 (<.0001) 0.68 (0.0002)
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Results: Correlation with Streamflow in

Watershed Basin

. Time Scale . ‘ '
Variable (months) Season Sample Size | Pearson‘ r (p-value) | Kendall's tau (p-value)
P-PET 1 JJIA 26 0.89 (<.0001) 0.71 (<.0001)
P-PET 1 SON 27 0.63 (<.0001) 0.47 (0.0006)
P 1 JIA 26 0.91 (<.0001) 0.75 (<.0001)
P 1 SON 27 0.64 (0.0003) 0.49 (0.0004)
PET 1 SON 27 0.51 (0.006) 0.38 (0.005)
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발표자
프레젠테이션 노트
2009년 9월, 10월 낮은 유량 백분위가 극한 가뭄의 영향 보여줌, 11월에는 회복



Results: Gridded P-PET Percentile Maps

% % % % Gridded 3-month P-PET
percentile maps in November
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발표자
프레젠테이션 노트
만경강: 2009년 가뭄 회복 시 북쪽 부터
남한강 상류: 가뭄의 지역별 차이, 진행 상태 보여줌


Conclusions

Remote sensing-based P-PET can be used to
assess hydrological drought in regions with
limited observation data

Input data for drought early warning systems
can be produced, assisting decision-making
processes to minimize adverse impacts of
hydrological drought

Drought information with high spatial resolution
enables region-differentiated measures coping
with drought in developing counties




Limitations and Further Study

Spatial resolution of precipitation
estimates

= GPM (Global Precipitation Measurement) data
available from 2014

Effect of soil moisture and vegetation
phenology on evapotranspiration

More case studies In various climates
needed
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